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(57) [ABSTRACT OF THE DISCLOSURE] 
[OBJECT] 

Tiie present invention is to provide a semiconductor 
device tiaving a chip-on-chip structure where electrical 
connection can securely be achievedbetween semiconductor chips 
even wlien variation occurs in bump height. 
.[SOLVING MEANS] 

A plurality of connection protrusions 35 are provided 
on respective top surfaces of bumps BM and BS, respectively. 
When the bump BM is formed so as to have a desired height or 
higher, the connection protrusions 35 on the bump BM and the 
connection protrusions 35 on an opposing bump BS crush each 
other, so that the bumps BM and BS are connected to each other 
through the crushed connection protrusions 35 . Also, when the 
bump BM is formed so as to have a height lower than a desired 
one, tip portions of the connection protrusions 35 on the bump 
BS enter between tip portions of the connection protrusions 
35 on the opposing bump BM, so that the connection protrusions 
35 on the bump BM and those on the bump BS engage each other 
for contact, allowing the bumps BM and BS to be connected to 



each other . 
[0019] 

A bump BM and connection protrusions 35 can be formed, 
5 for example, by photolithography process. That is, after 
openings 34A and 34B are *f ormed in a surf ace -protective- film 
33, and a resist pattern is selectively formed on the openings 
34A and 34B, plating is performed using material for a bump 
BM, so that the bump BM can be formed on wirings 32A and 32B 

10 exposed via the openings 34A and 34B. Then, after a new resist 
pattern having an opening corresponding to a flat pattern of 
connection protrusions 35 is formed, plating is performed using 
material for the connection protrusions 35 so that a plurality 
of connection protrusions 35 can be formed on the. bump BM. 

15 [0020] 

The plurality of connection protrusions 35 are formed 
on the bumps BM and BS so that the bumps BM and BS can securely 
be connected to each other. For example-, when the bump BM is 
formed so as to have a desired height or higher, such as the 

20 bump BM formed on the wiring 32A, the connection protrusions 
35 on the bump BM and the connection protrusions 35 on the 
bump BS opposed thereto crush each other so that the bump BM 
and the bump BS are connected to each other via the crushed 
connection protrusions 35. Also, when he. bump BM is formed 

25 so as to have a height lower than the desired height, such 
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as the bump BM formed on the wiring 32B, among tip end portions 
of the plurality of connection protrusions 35 on the bump BM, 
tip end portions of the plurality of connection protrusions 
35 on the bump BS opposed thereto enters so that the connection 
protrusions 35 on the bump BM and the connection protrusions 
35 on the bump BS are brought into contact with each other 
in a engaging manner, thereby achieving connection of the bump 
BM and the bump BS . 
[0021] 

. As mentioned above, according to this embodiment, since 
the flexible connection protrusions 35 are formed on the bumps 
BM and BS, even when variations occur in height of the bumps 
BM and BS, the bump BM and the bump BS can securely be connected 
to each other. Accordingly, a parent chip 1 and a child chip 
2 can securely be electrically connected to each other. 
Incidentally, in this embodiment, each connection protrusion 
35 has been formed in' a thin cylindrical shape, but it may 
be formed in a thin column shape with a rectangular sectional 
configuration. Also, assuming that the connection protrusion 
35 are deformable when the parent chip 1 and the child chip 
2 are joined to each other, they are not limited to a thin 
column shape. For example, as shown in Fig. 4, the connection 
protrusions may be constituted by a plurality of thin plates 
provided on the bumps BM and BS, as shown in Fig. 4. 
[0022] 



Furthermore, in this embodiment, the connection 
protrusions 35 on the bump BM and those on the bump BS have 
been f ormedof the same material, but theymaybe formed different 
materials from each other. For example, the connection 
5 protrusions 35 may be formed of metal material having a 
relatively low melting point, such as tin system alloy, lead 
system alloy or the like. Also, in this embodiment, the 
connection protrusions 35 have been provided in a projecting 
manner on the respective top surfaces on the bumps BM and BS, 

10 but such a structure may be employed that the connection, 
protrusions 35 are protruded on only one of the top surfaces' 
of the bumps BM and BS and they are brought into contact with 
the other of the top surfaces of the bumps BM and BS, thereby 
achieving connection of the bump BM and the bump BS. 

15 [0023] 

Fig. 5 is a sectional view showing a portion of a 
semiconductor device according to a second embodiment of the 
present invention in an enlarged manner. In Fig. 5, portions 
corresponding to those shown in Fig. 2 are denoted with the 

20 same reference numerals in Fig. 2. In this second embodiment, 
a bump BM on a parent chip 1 and a bump BS on a child chip 
2 are different in shape from each other. The bump BM of the 
parent' chip 1 is made of oxidation resistance metal in a column 
shape on a wiring 32 exposed from a surface protective film 

25 33 via an opening 34. On the other hand, the bump BS on the 
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child chip 2 is provided on a wiring 32 exposed from a surface 
protective film 33 via an opening 34 , and it is made of oxidation 
resistance metal in a generally conical shape so that its top 
portion 41 is made flexible. 
[0024] 

Also, a recessed portion 42 in which a tip end portion 
of the bump BS can enter is formed in a top surface of the 
bump BM, Metal having a relative low melting point, such as 
tin system alloy, lead system alloy or the like is embedded 
into the recessed portion 42. Connection of the parent chip 
1 and the child chip 2 can be achieved by a process where, 
in a state that the top surface 41 of the bump BS is caused 
to abut on the metal having the low melting point in the recessed 
portion 42 of the bump BM opposed thereto, the parent chip 
1 and the child chip 2 are brought into contact with each other 
in a pressing" manner while the abutting portion of the bumps 
BM and BS are heated. Since the metal having. the low melting 
point in the recessed portion 42 is melted by heating, the 
top portion 41 enters in the recessed portion 42 . For example, 
when each of the bumps BS and BM is formed so as to have a 
desired height or higher, the top portion 41 of the bump BS 
is caused to abut against the bottom face of the recessed portion 
42 to be -crushed. Thereby, the parent chip 1 and the child 
chip 2 are connected to each other with a predetermined distance . 
Also, when each of the bumps BM and BS is formed so as to have 



a height lower than a predetermined height, the top portion 
41 of the bump BS enters in the recessed portion 42, and the 
low melting point metal in the recessed portion 42 and the 
bump BS are connected to each other, so that the parent chip 
5 1 and the child chip 2 are electrically connected to each other . 

[0029] 

Figs .8(a) and 8 (b) are sectional views showing a portion 
of a semiconductor device according to a third embodiment of 

10 the present invention in an enlarged manner. In Fig. 8, 
respective portions corresponding to those in Fig . 2 are denoted 
by the same reference numbers as the case in Fig. 2. In this 
third embodiment, topi surfaces of bumps BM and BS are 
respectively provided with protrusion-shaped melt connection 

15 portions 51 . Each melt connection portion 51 is formed of metal 
with a relatively low melting point such as tin system alloy, 
lead system alloy or the like . For example, the melt connection 
portions 51 can be formed such that, after the bumps BM and 
BS have been formed on wiring 32 exposed via an opening 34, 

20 resist patterns having an opening corresponding to a region 
to be formed with the melt connection portions 51 are stacked 
and materials for the melt connection portion 51 are deposited 
by plating on the top surfaces of the bumps BM and BS exposed 
via the opening of the resist pattern. 

25 
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[0031] 

Incidentally, in this third embodiment, the melt 
connection portions 51 are respectively formed on the top 
surfaces of the bump BM and BS, but the melt connection portion 
5 51 may be formed on only one of the top surfaces thereof . Also, 
the melt connection portions 51 are not limited to ones of 
the protrusion type . For example , the melt connection portions 
51 may be of a film shape formed by applying cream solder or 
conductive paste on almost the entire top surfaces of the bumps 
10 BM and BS . . 
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